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^ ■ Abstract 

The use of Type la supernovae as cosmological tools has reinforced the need to 
better understand these objects and their light curves. The light curves of Type la 
supernovae are powered by the nuclear decay of 56 Ni — > 56 Co — > 56 Fe. The late time 
light curves can provide insight into the behavior of the decay products and their 
effect of the shape of the curves. We present the optical light curves of six "normal" 
Type la supernovae, obtained at late times with template image subtraction, and 
the fits of these light curves to supernova energy deposition models. 
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1 Introduction 



Type la Supernovae ( SNe la) are though t to be the thermonuclear explosion 
of a white dwarf (see iLeibundeut . 2000l and references therein). The light 



curves of SNe la are powered by deposition in the SN ej ecta of the 7-ray and 
posit ron products of the 56 Ni — > 56 Co — > 56 Fe decay ((Colgate and McKeeL 
1969). The extreme brightness and seemingly uniform light curves of SNe la 



make them good candidates for use as standard candle distance indicators. 
In more recent years, it has been shown that Type la supernovae do not 
have uniform light curve magnitudes, shape or spectra. The light curves can, 
however, be normalized to account for this inhomogeneity, thus allowing these 
objects to be used at standard candle distance indicators (e.g. Phillips! . 19931: 
Riess et al.lll996l b 



Between 100-200 days after the explosion the ejecta become transparent to 
the 7-rays and the light curve is powered by the deposition of the positron 
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kinetic energy into the ejecta. The escape of a fraction of these positrons from 
the ejecta has been su ggested as a possible source o f the Galactic 511 keV 
annihilation radiation ( Milne. The, and Leisine . 19991 ). 



There are currently two methods of modeling the late emission of SNe la. 
One is ra diation tr a nspor t with complete and instantaneous trapping of the 



positrons. lAxelrodl Jl980) showed, by comparing a model to the late time 



spectra of SN 1972E, that the ejecta will cool leading to an increased fraction 
of the emission coming out in the infrared, the so nam ed "infrared ca t astro- 



phe" (IRC). Other stu dies of radiation transport (e.g. Fransson et al. . 19961: 



Sollerman et all l2004f ). have reproduced the IRC, but they also predict the 



abrupt fall off of the optical light curves as the emission shifts into the NIR 
and ultimately into the IR, which is not seen in observed light curves. 

The other method consists of positron energy deposition modeling without ra- 

diation transport. In this type of model i ng (e.g. Colgate et al. , 19801 Cappellaro et al. 



19971 : iRuiz-Lapuente and Spruil Il998i : iMilne et alfl l999) , optical band light 



curves are used as tracers of the bolometric luminosity and fit to model en- 
ergy deposition curves. The results show model curves with varying degrees 
of positron escape fitting the light curves. One weakness in this model fitting 



techni que is in using the optical bands as tracers of bolometric. IMilne et al 



( 20011) constructed bolometric curves using BVRI bands and showed those 
curves roughly fitting the positron escape energy deposition curves. 



2 BVRI Photometry using Template Subtraction 



We preformed aperture photometry on six "normal" SNe la at late epochs, 
SN 2000E, SN 2000ce, SN 2000cx, SN 2001C, SN 2001bg, SN 2001dp. Some of 
these SNe were located in very complicated regions in their host galaxies. For 
this reason, we chose to do template image subtraction, on all but SN 2000cx, 
before preforming the aperture photometry. All data reduction, image sub- 
traction and aperture photometry was performed using the Image Reduction 
and Analysis Facility (IRAF) software 1 . The combined light curves can be 
seen in Figures 2 & 3, where they are normalized to be zero magnitude at 
200days past explosion assuming an 18d rise time to peak ligh t. The data set 
for SN 2000E includes photometry from IValentini et al. ( 2003 ). and the data 
set for SN 2000cx includes data from lLi et all (|200ll ).l,Ihal (|2002l b lCandia et al. 

our observations are 

plotted as the filled symbols. 



1 IRAF is distributed by the National Optical Astronomy Observatory. 



http: / /ir af.noao.edu 
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3 Light Curve Decline Rates 



The decline rates, the slope of the light curve, between 200-500 days were 
calculated for these light curves and the averages are shown in Figure 1, where 
the solid line is average for the six SNe. The calculated averages for B,V,R,& 
I bands were 1.43 (0.07), 1.46 (0.04), 1.36(0.04), 0.95 (0.06), respectively, in 
magnitudes per day. The shaded bar represents the aver age decline rate for 16 
normal/super- luminous SNe la from lMilne et all (|200l| ) with a la error bar. 
In the R-band, there is a second average, represented by the dot-dashed line, 
which is the average decline rate leaving out SN 2000ce and SN 2001C. This 
was done only to show the agreement with the Milne et al. averages. 



As shown in Figure 1, the B,V,& R bands have decline rates of ~ 1.4 mag/day 
but the I-band has a much shallower slope of 0.95 m ag/day. This is in agree- 
ment with the decline rates of SN 2000cx as shown by Sollerman et al. (|2004j ). 
These results suggest that a slower I-band decline rate is a general feature of 
the late light curves of normal/super- luminous SNe la, and is possibly sug- 
gesting a shift i n the l ate emission to longer wavelengths. A major result of 



Sollerman et al.l ((20041 ) was the constant late time emission seen in the NIR 



curves of SN 2000cx, which supports the idea that the emission is moving into 
the NIR and eventually into the IR resulting in an IRC. Our results from the 
analysis of these SNe reinforce the need for more observations of SNe la in the 
NIR in an attempt to reproduce what was seen in SN 2000cx and also in SN 
1998bu (|SDvromilio et all 12004 ) 
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Fig. 2. BVRI Light curves of 6 SNe la plotted on the radiation transport model 
light curves of S ollerman et al. 



4 Discussion 



Figure 2 shows the combin ed light curves o f the s ix SNe plotted on the ra- 



diation transport models of ISollerman et al.l ([20041 ) . The V-band model light 



curve has been normalized to be zero magnitude at 200d along with the data. 
The B, R, & I band model light curves have been adjusted so that the colors 
of the model are preserved. The dotted curve is the model including photoion- 
ization and the dot-dashed curve is the model without photoionization. 

Figure 3 shows the combined light curves of the six SNe plotted on the positron 
energy deposition curves of iMilne et all (fcOOlh . The model curves have been 



normalized to be zero magnitude at 200d. The solid curve is the energy depo- 
sition with the positron kinetic energy trapped and deposited into the ejecta 
and the dashed curve is the energy deposition curve with a radially combed 
magnetic field allowing a fraction of the positrons to escape the ejecta without 
depositing their kinetic energy. 

As can be seen in these figures, the shape of the B, V, & R band light curves 
could be explained by either the color evolution in the radiation transport 
model or the escape of positrons from the ejecta, while the I-band has a 
slower decline rate than both models. This suggests that a model combining 
radiation transport with positron transport would be preferred to attempt to 
explain the late light curves of SNe la. One thing is clear from the light curves; 
these SNe show very little deviation from each other in a given band, implying 
that within this class of normally-luminous SNe la there is only one answer 
for the question of positron escape from SNe la ejecta. 
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